Aims-To report the appearances of cornea guttata and Fuchs' endothelial dystrophy from white light confocal microscopy. Methods-Seven eyes of four consecutive patients with cornea guttata were prospectively examined. Of the seven eyes, three also had corneal oedema (Fuchs' dystrophy). In vivo white light tandem scanning confocal microscopy was performed in all eyes. Results were compared with non-contact specular microscopy. Results-Specular microscopy was precluded by corneal oedema in one eye. In the remaining six eyes, it demonstrated typical changes including pleomorphism, polymegathism, and the presence of guttae appearing as dark bodies, some with a central bright reflex. In all seven eyes, confocal microscopy revealed the presence of round hyporeflective images with an occasional central highlight at the level of the endothelium. Changes in cell morphology and size were readily appreciated. Conclusion-By comparison with specular microscopy, the hyporeflective images with an occasional central highlight seen on confocal microscopy are consistent with the presence of guttae. Confocal microscopy may confirm the diagnosis of cornea guttata and Fuchs' endothelial dystrophy by demonstrating the presence of guttae. This technique is especially valuable in cases of corneal oedema, where specular microscopy may fail to visualise the endothelium. However, specular microscopy should remain the method of choice to evaluate the endothelium, principally because it is easier to use. (Br J Ophthalmol 1999;83:185-189) Corneal guttae consist of focal accumulation of collagen at the posterior surface of Descemet's membrane.
Corneal guttae consist of focal accumulation of collagen at the posterior surface of Descemet's membrane. 1 They are probably secreted by abnormal endothelial cells and may appear as a result of aging. Guttae are characteristic for Fuchs' endothelial dystrophy, which is a familial dominantly inherited disorder, also characterised by corneal oedema. 2 Usually the condition is bilateral, although asymmetric presentation is not uncommon. When corneal oedema is absent and only guttae are present, the condition is called cornea guttata.
The endothelium is usually best examined by specular microscopy. However, confocal microscopy allows superior image contrast and vertical and lateral resolution, compared with conventional imaging methods. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Because of its ability to focus the light source and the image on the same focal plane, it allows real time in vivo assessment of the diVerent layers of the cornea, including the endothelial layer. Therefore, it may be an alternative method in evaluating cornea guttata or Fuchs' endothelial dystrophy.
In the current study, we analysed the appearances of cornea guttata and Fuchs' dystrophy from confocal microscopy and compare the technique with non-contact specular microscopy. Materials and methods Seven eyes of four consecutive patients with clinical signs of cornea guttata or Fuchs' dystrophy were prospectively studied. Specular microscopy using a non-contact microscope (Topcon SP 2000 P, Tokyo, Japan) was performed. Patients then underwent in vivo confocal microscopic examination of their eyes. We used a prototype white light tandem scanning confocal microscope (LSU Eye Center, New Orleans, LA, USA). The instrument utilised a 24×/0.60 contact objective and allowed optical sectioning of the cornea with a depth of field of 12 µm. The images were captured using a video camera (CCD 200 E, Videoscope International, Washington DC, USA) and stored on S-VHS video tapes. Confocal and specular microscopic findings were analysed and compared.
Results

CASE 1
A 41 year old black male patient with a history of bilateral cornea guttata was examined. Specular microscopic examination (Fig 1) of the right cornea demonstrated large numbers of dark bodies. Between the dark bodies, the endothelial cells appeared hyperreflective and their boundaries could not be identified. In the left eye the same alterations were demonstrated, however, to a much lesser extent. There were fewer dark bodies and the endothelial cells were well individualised. They presented polymegathism and pleomorphism.
In the left eye (Fig 2) , confocal microscopy demonstrated endothelial cells with polymegathism, pleomorphism, and few hyporeflective round images containing occasionally a central highlight. The right eye (Fig 3) presented more significant alterations. At the level of the endothelium, hyporeflective round images were found in larger size and number. Between them, the endothelial cells appeared hyperreflective and could not be identified individually. CASE 2 A 72 year old white woman with progressive decrease of vision in both eyes was referred for evaluation. She had a long term history of cornea guttata. However, corneal oedema was never documented. Besides a medically well controlled hypothyroidism, no other abnormalities were reported. She mentioned a sister diagnosed with Fuchs' endothelial dystrophy. Best corrected vision was 20/60 and 20/80 in the right and left eye, respectively. In both eyes, corneal thickness appeared increased on slit lamp examination, and mild epithelial oedema was noted in the left eye. Both eyes presented significant beaten metal appearance at the level of the endothelium and moderate nuclear cataract. Intraocular pressure was 14 mm Hg in both eyes. The remainder of the examinations was within normal ranges. Corneal thickness measured by ultrasonic pachymetry was 632 µm and 643 µm in the right and left eye, respectively. Specular microscopy demonstrated in both eyes large numbers of dark bodies in the corneal endothelium (Fig 4) . In the right eye, endothelial cells with pleomorphism and polymegathism could be recognised. Otherwise and especially in the left eye, the endothelial cells appeared compressed between the dark bodies.
Confocal microscopy detected in both eyes the presence of multifocal hyporeflective areas surrounded by hyperreflective endothelial cells (Figs 5 and 6 ). The density of the hyporeflective images varied from one area to another in both eyes. Specular microscopy of the endothelium demonstrated confluent dark bodies in both eyes (Fig 7) . The endothelial cells presented polymegathism and pleomorphism.
Confocal microscopy revealed the presence of hyporeflective round images with an occasional central highlight among pleomorphic endothelial cells of varying size in both corneas (Figs 8 and 9 ). In each eye, areas with few hyporeflective images could be found, while other areas demonstrated numerous and confluent hyporeflective images. CASE 4 A 74 year old white male patient was examined. His left eye underwent functional penetrating keratoplasty with cataract extraction and intraocular lens implantation 3 years earlier for Fuchs' endothelial dystrophy and senile cataract. Histological examination of the corneal button confirmed the diagnosis of Fuchs' endothelial dystrophy. He denied any topical treatments. Best corrected visual acuity Non-contact specular microscopy was prevented by corneal oedema.
On the other hand, confocal microscopy easily revealed the presence of confluent hyporeflective images with hyperreflective endothelial cells between them (Fig 10) . Hyperreflective images compatible with fibrous tissue were also seen.
Discussion
To the best of our knowledge, the confocal microscopic appearance of corneal guttae has not been reported so far. Recognition of corneal guttae is important, since they are the hallmark of cornea guttata and of Fuchs' dystrophy. Kaufman et al previously reported a case of Fuchs' endothelial dystrophy and documented the presence of larger and irregularly shaped endothelial cells on confocal microscopy.
14 Presence of guttae was not demonstrated. Their findings were compatible with cell loss and may be associated with various disorders, and therefore, were not characteristic of Fuchs' dystrophy.
The dark round bodies with occasional central white reflex found on specular microscopy are typical of guttae. 15 16 They were noticeably similar to the confocal microscopic findings. Therefore, by comparison with the specular microscopic findings, we suggest that the hyporeflective images with an occasional central highlight seen on confocal microscopy correlate with guttae. The similarity of the appearances of guttae on confocal and specular microscopy is not surprising, since both techniques detect reflected light from biological samples. At the level of the guttae, light is transmitted, whereas at the surrounding stroma endothelium interface it is reflected. Consequently, the lesions appear hyporeflective. At the apex of the guttae, reflection of light may result in a central highlight.
Guttae may be seen in various conditions. They include interstitial keratitis, 17 corneal macular dystrophy, 18 and posterior polymorphous dystrophy. 19 It is unclear whether they would appear similar to our findings when examined with the confocal microscope. However, diVerential diagnosis is straightforward, since each of these disorders is associated with typical anterior segment changes. The same applies to pseudoguttae, which are guttae-like images caused by endothelial oedema that may appear in cases of corneal inflammation and disappear upon resolution of the underlying disease. 20 21 The illustrations show that the specular image is clearer than the confocal image. This is probably due to the fact that the confocal images were frame grabbed. The image of the endothelial cells is clearer when viewed in real time. As illustrated in patient 4 and reported previously by Kaufman et al, confocal microscopy is not precluded by corneal oedema. 14 This represents the main advantage of this technology over specular microscopy. Furthermore, since the severity of the endothelial alterations may be variable from one area to another within the same eye, we think that the confocal microscope, because of its ability to scan the entire cornea, allows for a better qualitative appreciation of the endothelium. It should be noted that contact specular microscopy, unlike the non-contact specular microscope used in this study, also has the ability to scan the entire cornea. Like specular microscopy, confocal microscopy does not enable prediction of the natural history of cornea guttata. It does not indicate whether eyes with corneal endothelial guttae are susceptible to develop corneal oedema. With both techniques endothelial polymorphism and pleomorphism could be detected. Specular microscopy remains, nevertheless, an invaluable diagnostic tool in evaluating the corneal endothelium. Compared with confocal microscopy, it is easier to use and does not require a learning curve. Furthermore, the quality of the images 
